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ABSTRACT
In recent years, saliva has been used as a non-invasive method of obtaining genomic DNA. Two common collection 
methods include mouthwash and commercially produced saliva kits. Here, a novel comparison between these two 
collection methods, using Scope® mouthwash and the Oragene®-Discover kit (OGR-250) from DNA Genotek Inc., 
was conducted to analyze differences in the quantity and quality of the DNA isolated, and cost effectiveness. The 
Oragene® kit yielded greater quantity of DNA, while Scope® mouthwash was more cost effective. The difference 
in yield was attributed to the larger volume of saliva obtained from the Oragene® kit. Isolation from both collection 
methods resulted in similar DNA quality. 
Depuis quelques années, la salive est utilisée comme une méthode non-invasive pour obtenir de l’ADN génomique. 
Deux méthodes de collection communes sont par rince-bouche et par des trousses commerciales de collection 
de salive. Ici, une comparaison entre ces deux méthodes, utilisant la rince-bouche Scope et la trousse Oragene-
Discover (OGR-250) de DNA Genotek Ink, a été conduite afin d’analyser les différences dans la quantité et la 
qualité d’ADN isolée ainsi que dans l’efficacité du coût.  La trousse Oragene a recueilli plus d’ADN, alors que 
Scope était moins cher. La différence en quantité est attribuée au plus grand volume de salive qui est obtenu grâce 
à l’Oragene. L’isolation par les deux méthodes résultait en une qualité similaire d’ADN.
INTRODUCTION 
Genomic DNA (gDNA) is processed to obtain information 
about the body, and to learn more about the genetic 
basis of disease. DNA is a hereditary substance found 
in almost all organisms, and more specifically, genomic 
DNA is found in the nucleus of a cell. It is used to 
determine the inherited characteristics of an individual.1
Genomic samples are most commonly obtained from 
blood; DNA is extracted from the white blood cells. This 
method is invasive, however, and many patients find it 
unpleasant to have blood drawn. White blood cells, also 
known as leukocytes, are required to maintain proper 
health and protect the body from harmful diseases. 
They are stored in the blood or lymphatic tissues.2
In recent years, saliva has been used as an 
alternative method to obtain DNA. About 0.6 ml 
to 1.2 ml of saliva is normally in the mouth at any 
given time.3 Saliva contains epithelial cells from the 
cheeks, and white blood cells, from which DNA can 
be extracted.4 Epithelial cells are a type of cell that 
line body surfaces, including the cheeks.5
Saliva collection is non-invasive and more accessible 
than drawing blood, as anyone with a collection kit can 
give a sample. On the other hand, there is a greater 
amount of contamination in saliva samples as saliva 
also contains bacteria and food particles, among other 
things.4 It is ideal to minimize bacterial contamination 
when collecting a saliva sample as bacteria have DNA 
of their own.
Saliva can be collected in multiple ways before DNA is 
extracted. Two methods include using mouthwash and 
using an Oragene® kit, a commercially available DNA 
collection system, which was tested in this study. 
Mouthwash is very accessible as it can be found at any 
drug store and is not costly. However, DNA degrades 
over time, and mouthwash saliva samples can be 
kept at room temperature only for a short period of 
time (5 days maximum). There is also a higher risk of 
bacterial contamination as compared to saliva alone, 
as mouthwash is designed to wash bacteria out of your 
mouth.6 There are age limitations as well, since children 
under 6 are unable to effectively use mouthwash. 
Oragene® kits must be specially ordered from the 
company DNA Genotek Inc., and cost about $20 per 
sample. The kits contain a special liquid that keeps the 
DNA in the saliva samples stable at room temperature 
without degrading for an extended period of time, and 
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stops bacterial contamination.6 The kits can be used by 
all age groups and younger children can have swabs 
taken of their saliva.
RESEARCH QUESTION
Which method of obtaining saliva gDNA is better in 
terms of cost, and efficiency (quantity and quality of 
DNA produced): Oragene®, or Scope® mouthwash?
MATERIALS AND METHODS
A matched pair design was employed, and all 
experimental conditions were matched. Two saliva 
samples were collected from each volunteer in the 
experiment on consecutive days, at the same time 
on each day. Volunteers were instructed not to eat 
or drink at least 30 minutes before providing saliva 
samples. One saliva sample was collected using the 
Oragene®-Discover (OGR-250) kit according to the 
manufacturer’s instructions. The other sample was 
collected using 10 ml of Scope® mouthwash. Each 
volunteer was instructed to ‘swish’ the mouthwash 
for 30 seconds, then collect and seal the mouthwash 
saliva sample in the 50 ml conical tube provided. 
Scope® brand mouthwash was used as it was found 
to be the best overall, compared to five tested 
mouthwash brands in terms of DNA yield, quality, 
stability, and taste (unpublished data).7 
Oragene® Procedure
Two 15 ml Falcon® tubes and two 1.5 ml Eppendorf® 
tubes were collected per sample and labelled with the 
sample ID (Refer to Table 1). The saliva sample in the 
Oragene® disk was mixed by inversion at least 5 times, 
then transferred to the first set of Falcon® tubes using 
5 ml glass pipettes. The sample was incubated for 1 hour 
at 50°C, then kept at room temperature (RT) overnight. 
The volume of the sample was recorded as the starting 
volume. Calculations were done for necessary reagents 
including ethanol, TE and Oragene® Purifier. Oragene® 
Purifier (1/25th the volume) was added to each tube, 
then vortexed for 5 seconds per tube. The samples were 
incubated on ice for 10 minutes, then centrifuged at RT 
for 20 minutes, at 3500 rpm (2800g) max, with the brakes 
off. The supernatant (S/N) was carefully transferred with 
a pipette to a clean Falcon® tube (used glass autoclave 
5 ml pipettes). The pellet was discarded. A volume of 
100% ethanol (EtOH) equivalent to the starting volume 
was added to the sample, mixed gently by inversion 10 
times, and centrifuged at RT for 20 minutes, at 3500 
rpm (2800g), with the brakes off. The S/N was carefully 
removed with a pipette, ensuring that the pellet was not 
disturbed. Then, the tubes were left to sit upside down 
with the cap off so EtOH could evaporate (approximately 
10 minutes). Sterile swabs were used to wipe the EtOH 
off the insides of the tubes and the pellets were left 
untouched. The pellets were dissolved in DNA solvent 
(TE buffer [Tris EDTA] 1x, pH 8.0), then vortexed for 
5 seconds; TE buffer added = 10% of starting volume. 
The samples were incubated at 50°C for 1 hour, then 
left at RT overnight. Then they were transferred to the 
first set of 1.5 ml Eppendorf® tubes and centrifuged at 
RT for 15 minutes, at 13,000 rpm (15000g) max. The 
S/N of the samples were transferred to the second set 
of 1.5 ml Eppendorf® tubes. Samples were read using 
the NanoDrop™ 1000.* The concentration of DNA (ng/
μl) and the 260/280 ratio were recorded. The DNA yield 
(μg) was calculated using the final volume of the sample. 
Scope® Mouthwash Procedure
Samples were centrifuged at 2000g for 10 minutes 
(brakes on), and then the S/N was removed. Two 
1.5 ml Eppendorf® tubes per sample were collected 
and the tubes were labelled with the sample ID. 
Next, 500 μl of TRIzol® Reagent (Life Technologies, 
Thermo Fisher Scientific) was added to each 
sample and samples were vortexed for 5 seconds. 
Samples were transferred to the first set of 1.5 ml 
Eppendorf® tubes, digested with 10 μl of proteinase 
K (10 μg/μl), then incubated for 1 hour at 55°C. The 
samples were centrifuged at RT for 10 minutes at 
10,000rpm (8000g), and the S/N was transferred to 
the second set of 1.5 ml Eppendorf® tubes. Then, 
500 μl of 100% EtOH was added to each sample, 
the samples were vortexed and centrifuged at RT for 
5 minutes at 10,000 rpm. The pellets were washed 
twice with 70% EtOH (500 μl of 70% EtOH was 
added, then samples were vortexed and centrifuged 
for 5 minutes. After centrifugation, the EtOH was 
discarded. This step was repeated once again.) After 
the last 70% EtOH wash, the tubes were air dried for 
5-10 minutes. Sterile swabs were used to wipe the 
EtOH off the insides of the tube and the pellets were 
left untouched. The pellets were resuspended in 250 
μl of TE buffer (pH 8.0) and then vortexed. Samples 
were read using the NanoDrop™ 1000.* The 
concentration of DNA (ng/μl) and the 260/280 ratio 
were recorded. The DNA yield (μg) was calculated 
using the final volume of the sample. 
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*The NanoDrop™ 1000 is a spectrophotometer from 
Thermo Fisher Scientific, Inc. that analyzes a 1μl liquid 
sample. It sends a beam of light through the sample 
and measures the amount of light transmitted, then 
calculates and outputs the concentration of solute and 
its 260/280 ratio. The 260/280 ratio is a calculation of 
how much light is absorbed at a wavelength of 260 
nm compared to at 280 nm. It is used to determine the 
quality of a sample, and the closer the ratio is to 1.8 (the 
optimal value for DNA), the lesser the contamination 
and the greater the purity of the sample.
RESULTS
Quantity of DNA (Concentration and Yield) 
Extraction using the Oragene® kit produced an average 
DNA concentration more than 7x greater than Scope® 
mouthwash (Oragene®: 345.380 ng/μl, Scope®: 45.358 
ng/μl) though there was a much greater amount of 
variability in the Oragene® samples as seen from its 
large standard deviation value of 185.135, as compared 
to 40.421 for Scope® mouthwash (Table 2). There was 
also a marked difference in the average DNA yield 
between the two kits (Table 3). Extraction using the 
Oragene® kit yielded greater than 10x the amount of 
DNA in comparison to Scope® mouthwash (Oragene®: 
122.561 μg, Scope®: 11.340 μg), though once again 
there was a much greater amount of variability in the 
Oragene® samples than in the Scope® mouthwash 
samples. This was seen in the standard deviation values 
(Oragene®: 74.505, Scope®: 10.105). 
Quality of DNA 
It was ideal to obtain the greatest quality of DNA 
possible so that there would be minimal limitations 
to potential downstream applications. The average 
260/280 ratio was very similar between the Oragene® 
kit and Scope® mouthwash. A difference of only five 
points was seen between the two methods (Oragene®: 
1.74, Scope®: 1.69); however, the Scope® mouthwash 
samples showed more variability, as can be seen from 
the larger standard deviation value of 0.188 for Scope®, 
as compared to 0.094 for Oragene® (Table 4). 
Cost Effectiveness
In terms of consumables, extraction using the Oragene® 
kits was consistently more costly compared to Scope® 
mouthwash (Table 5). The cost per sample (Oragene®: 
$21.15, Scope®: $1.83) and the total cost of all the 
samples processed (Oragene®: $423.00, Scope®: 
$36.62) was more than 11x greater for the Oragene® 
kit in comparison to the Scope® mouthwash samples. 
TABLES AND FIGURES
Table 1.
An example of a portion of the chart used for 
recording Sample Data. There were a total of 
20 volunteers participating (n = 20). The three 
digit Sample ID consisted of a first letter (A or S) 
representing the experimenter who processed the 
sample, a second letter (O or S) representing the 
saliva processing method (O for the Oragene® kit, 
and S for Scope®), and a number that was unique for 
each volunteer (same number as the Sample #). 





AO1 1 07/05/15 07/06/15 07/08/15
AS1 1 07/06/15 07/06/15 07/09/15
SO2 2 07/05/15 07/06/15 07/08/15
SS2 2 07/06/15 07/06/15 07/09/15
Table 2.
Average DNA Concentration for Oragene® and 
Scope® Samples. Average DNA Concentration 
was calculated by taking the average of all DNA 
concentration values recorded from the Nanodrop™ 
1000 for each collection method. Standard Deviation 
was calculated using the Excel function ST.DEV 
and Standard Error was calculated by dividing the 
standard deviation values by Ö(n-1), where n = 20.
Oragene® Scope®
Average DNA Concentration (ng/μl) 345.380 45.358
Standard Deviation 185.135 40.421
Standard Error 42.473 9.273
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Table 3. 
Average DNA Yield for Oragene® and Scope® 
Samples. Average DNA Yield was calculated in two 
steps. The DNA yield for each sample was obtained 
by multiplying the DNA concentration recorded from 
the Nanodrop™ 1000 by the final volume of the 
sample, then dividing by 1000. Next, all the DNA yield 
values were averaged for each collection method. 
Standard Deviation was calculated using the Excel 
function ST.DEV and Standard Error was calculated 
by dividing the standard deviation values by Ö(n-1), 
where n = 20.
Oragene® Scope®
Average DNA Yield (μg) 122.561 11.340
Standard Deviation 74.505 10.105
Standard Error 17.093 2.318
Table 4.
Average Quality of DNA Extracted. Average 260/280 
Ratio was calculated by taking the average of all 
260/280 ratio values recorded from the Nanodrop™ 
1000 for each collection method. Standard Deviation 
was calculated using the Excel function ST.DEV 
and Standard Error was calculated by dividing the 
standard deviation values by Ö(n-1), where n = 20.
Oragene® Scope®
Average 260/280 Ratio 1.74 1.69
Standard Deviation 0.094 0.188
Standard Error 0.022 0.043
Table 5.
Cost of Consumables. Includes the cost of pipette 
tips, Eppendorf ® and Falcon® conical tubes, sterile 
swabs, and the Oragene® collection kits (n = 20).
Oragene® Scope®
Cost per sample $21.15 $1.83
Total Cost for all 20 samples $423.00 $36.62
Table 6.
Cost of Reagents. Reagents used in DNA isolation for 
the Oragene® protocol were EtOH, Oragene® Purifier, 
and TE Buffer. Reagents used in DNA isolation 
for the Scope® mouthwash protocol were Scope® 
mouthwash, EtOH, TRIzol® Reagent, Proteinase K, 
and TE Buffer (n = 20).
Oragene® Scope®
Cost per sample $3.37 $1.71
Total Cost for all 20 samples $67.41 $36.01
Table 7. 
Cost of Labour (based on the salary of a summer 
student, $11.00/hr). The number of hours displayed 
in Table 7 was an approximation based on the average 
amount of time taken by the authors to perform DNA 
isolation according to each of the respective protocols. 
It is possible to process a maximum of 10 samples 
each time, and since 20 samples were processed for 
each collection method (20 for Oragene®, and 20 for 
Scope®) the total labour cost of processing each batch 
of 10 samples as well as all 20 samples is displayed. 
Oragene® Scope®
Time Required (approx) per batch of 
10 samples 5.5 hours 3.5 hours
Labour Cost per batch of 10 samples $60.50 $38.50
Total Time Required (approx) for all  
20 samples 11 hours 7 hours
Total Labour Cost for all 20 samples $121.00 $77.00
Table 8.
Summary of Costs. The total cost of consumables, 
reagents, and labour, taken from Tables 5, 6, and 7, 
respectively, were summed to obtain the Total Cost of 
all Samples. The Average Cost per sample was then 
calculated by dividing the Total Cost by the number of 
samples (n = 20).
Oragene® Scope®
Average Cost per sample $30.57 $7.48
Total Cost of all 20 samples $611.40 $149.63
DOI: 10.13034 / JSST-2015-015 
THE JOURNAL OF STUDENT SCIENCE AND TECHNOLOGY              2015   VOL  8   ISSUE I            19
The cost of the reagents needed for extraction using 
both kits differed less, but using the Oragene® kit was 
more expensive overall (Table 6). The Oragene® kit 
cost a little under 2x as much as Scope® mouthwash 
per sample (Oragene®: $3.37, Scope®: $1.71) and in 
total for all the samples processed (Oragene®: $67.41, 
Scope®: $36.01). 
The extraction process for one batch of Oragene® 
took approximately two hours more than that of one 
batch of Scope® mouthwash (Oragene®: 5.5 hours, 
Scope®: 3.5 hours), which caused the labour cost 
to be more than 1.5x greater (Oragene®: $60.50, 
Scope®: $38.50) (Table 7).
Taking into account the cost of consumables, 
reagents, and labour, extraction using the Oragene® kit 
still resulted in the greatest cost overall (Table 8). On 
average, processing of an Oragene® kit cost 4x more 
than Scope® mouthwash per sample (Oragene®: $30.57, 
Scope®: $7.48). The total cost of all samples processed 
also showed a similar trend, as the Oragene® kit cost 4x 
as much as Scope® mouthwash (Oragene®: $611.40, 
Scope®: $149.63).
DISCUSSION
After a pilot experiment processing 20 samples 
collected using the Oragene® kits and 20 samples 
collected using Scope® mouthwash, it was seen that 
both methods produced DNA of similar quality. This 
suggests that these two methods cause minimal 
contamination and can be used to isolate relatively 
pure DNA. On average, saliva samples collected 
using the Oragene® kit resulted in DNA concentrations 
seven times larger than Scope®, and yielded total DNA 
amounts ten times larger. This could be due to the 
fact that more saliva was obtained from the Oragene® 
kit (2.7 ml of saliva, on average), while only a small 
amount was obtained from Scope® mouthwash (about 
0.6 ml of saliva, according to literature6). When 
the Scope® samples were centrifuged after adding 
100% EtOH to precipitate the DNA, most times, no 
DNA precipitate or pellet was visibly present. This 
could be because only small amounts of DNA were 
present before the EtOH was added. On the other 
hand, in almost all of the Oragene® samples, after the 
100% EtOH was added, a DNA precipitate and pellet 
were visibly present. This provides evidence that 
the amount of DNA in Oragene® samples was much 
greater than that of Scope®.
The Oragene® kits consistently yielded more DNA; 
however, it took approximately two hours more to 
perform the Oragene® procedure. This was because 
Oragene® had two incubation steps lasting one hour 
each, while Scope® had only one. This markedly 
increased labour costs.
The cost of reagents for Oragene® was greater than 
for Scope® as well. Oragene® Purifier, a proprietary 
substance required for the isolation of DNA in the 
Oragene® procedure, cost $85 for a 5 ml bottle ($17 
per mL), and was the most expensive reagent used in 
the entire experiment.
The total cost (including the cost of consumables, 
reagents, and labour) of processing one Oragene® 
sample was four times more than Scope®. This was 
due to the greater cost of reagents for Oragene® 
and the cost of the Oragene® kit itself ($20 per kit). 
Overall, the Oragene® kit was more effective in 
obtaining genomic DNA, yet also cost four times as 
much as Scope® mouthwash when considering the 
total cost of processing all 20 of the samples in this 
experiment. This was because multiple Oragene® kits 
were used in the experiment, and each kit had to be 
paid for individually, whereas only one 750 ml bottle 
of Scope® mouthwash ($6.99) was used for all the 
mouthwash samples.
Older children and adults may not need to use an 
Oragene® kit to provide a saliva sample because they 
are able to effectively use mouthwash. Therefore, 
if more DNA is required in an experiment involving 
older children and/or adults, a patient can provide 
more than one mouthwash saliva sample to increase 
total DNA yield, while minimally increasing costs. 
Processing multiple mouthwash saliva samples would 
only affect the cost of reagents and consumables, 
and not labour costs, because up to 10 samples can 
be processed at once.
In conclusion, the Oragene® kit was a better collection 
method in terms of quantity of genomic DNA obtained. 
Based on our results, we determined that it was 
also the more expensive method, making Scope® 
mouthwash a more cost effective collection method. 
Both saliva collection methods yielded genomic DNA 
of similar quality. 
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FUTURE DIRECTIONS
More samples should be processed, in order to 
obtain more data. Statistical analyses could then be 
run using the data obtained, to determine if results 
are statistically significant. Downstream applications 
such as PCR could also be performed to further test 
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